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IMPORTANCE The addition of oxaliplatin to the standard 6-month fluorouracil-based adjuvant
chemotherapy in stage II colorectal cancer has been reported to reduce the risk of relapse
although it does not increase survival. The Three or Six Colon Adjuvant (TOSCA) trial
compared 3 months with 6 months of adjuvant fluoropyrimidine and oxaliplatin-based
chemotherapy in patients with stage III colon cancer. The utility remains unknown.

OBJECTIVE To assess the noninferiority and toxic effects of 3 vs 6 months of FOLFOX
(fluorouracil, leucovorin, and oxaliplatin) or CAPOX (capecitabine plus oxaliplatin) adjunct
chemotherapy among patients with high-risk stage II resected colorectal cancer enrolled
in the TOSCA trial.

DESIGN, SETTING, AND PARTICIPANTS The TOSCA study was a noninferiority phase 3
randomized clinical trial conducted from June 2007 to March 2013 in 130 Italian centers.
Included patients had resected colorectal cancer located 12 cm from the anal verge by
endoscopy or above the peritoneal reflection at surgery. In this preplanned study assessing
the per-protocol population, 5-year relapse-free survival was evaluated in 1254 patients with
high-risk stage II resected colorectal cancer who had received adjuvant FOLFOX (fluorouracil,
leucovorin, and oxaliplatin) or CAPOX (capecitabine plus oxaliplatin).

INTERVENTIONS Patients were originally randomized (1:1) in the TOSCA trial to receive 3
months (experimental group) or 6 months (control) of standard doses of FOLFOX or CAPOX
at the discretion of the treating physician.

MAIN OUTCOME AND MEASURES A hazard ratio of at least 1.2 between the 3-month and
6-month chemotherapy groups was set to reject the null hypothesis of noninferiority.

RESULTS Overall, 1254 patients (mean [SD] age, 62.4 [9.8] years; 565 women [45.1%]) with
clinical high-risk stage II resected colorectal cancer were analyzed at a median follow-up of 62
months (interquartile range, 53-71) months. Of them, 301 patients (24.0%) had pT4N0M0
tumors, and the remaining 953 patients (76.0%) had high-risk pT3N0M0 tumors; 776
patients (61.9%) received FOLFOX and 478 (38.1%) received CAPOX. The 5-year relapse-free
survival was 82.2% for the 3-month arm and 88.2% for the 6-month arm, with an estimated
hazard ratio of 1.41 (95% CI, 1.05-1.89; P = .86 for noninferiority). For CAPOX, the 5-year
relapse-free survival was similar in the 2 arms (difference, 0.76% favoring the 6-month arm;
95% CI, −6.28% to 7.80%), whereas for FOLFOX, the difference was pronounced: 8.56% in
favor of the longer-duration arm (95% CI, 3.45%-13.67%). Nevertheless, the test for an
interaction between duration and regimen was not statistically significant. Neurotoxicity was
approximately 5 times lower in the shorter duration arm than in the longer duration arm.

CONCLUSIONS AND RELEVANCE In the 3-month arm, the treatment was significantly less toxic
than in the 6-month arm. Noninferiority was not shown for 5-year relapse-free survival.
However, a possible regimen effect was observed, suggesting that either 3 months of CAPOX
or 6 months of FOLFOX therapy can be used whenever an oxaliplatin doublet is indicated for
treatment of patients with stage II colorectal cancer.
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T he high cure rate with surgery alone for stage II colon
cancer limits the absolute benefit of fluorouracil-
based adjuvant chemotherapy to approximately 5%

in high-risk colorectal cancer (CC).1,2 The addition of oxali-
platin to the standard 6-month fluorouracil-based adjuvant
chemotherapy in stage II CC reduces the risk of relapse al-
though it does not increase survival in the first 6 to 10 years
after surgery.3,4

Given this background, guidelines suggest discussing
and offering oxaliplatin-based adjuvant chemotherapy to
patients with high-risk stage II CC.5,6 A recent study (the
International Duration Evaluation of Adjuvant [IDEA] col-
laboration) have examined the duration of adjuvant therapy
in high-risk stage III CC.7 In the primary analysis of the
Italian Three or Six Colon Adjuvant (TOSCA) trial that con-
tributed to the IDEA combined analysis, the hazard ratio
(HR) for relapse-free survival (RFS) in the stage III subgroup
favored the 6-month arm.8,9 Here we report a preplanned
subgroup analysis of patients with stage II CC enrolled in the
Italian TOSCA trial.

Methods
The TOSCA study was an open-label, multicenter, noninferi-
ority phase 3 trial involving patients with resected CC located
12 cm from the anal verge by endoscopy or above the perito-
neal reflection at surgery. After stratification by center and
stage, patients were randomized in a 1:1 ratio to receive 3
months (experimental group) or 6 months (control) of stan-
dard doses of FOLFOX (fluorouracil, leucovorin, and oxalipl-
atin) or CAPOX (capecitabine plus oxaliplatin). Patients were
included with histologically confirmed high-risk stage II CC,
defined as the presence of at least one of the following crite-
ria: pT4 tumor; G3; bowel obstruction or perforation; vascu-
lar, lymphatic, or perineural invasion on histologic speci-
mens; and fewer than 12 nodes examined.8-10 The primary end
point was RFS, assessed from the time of treatment alloca-
tion to relapse or to death from any cause, whichever came
first. An HR of 1.2 or higher between the 3-month and 6-month
treatment groups was set to reject the null hypothesis of
noninferiority. The per-protocol population analyzed was de-
fined as all randomized patients who had no major violations
of eligibility criteria or study conduct, and who received at least
1 dose of treatment. Time-to-event curves were described by
the Kaplan-Meier method. A Cox proportional hazards model
was used to estimate and test the treatment effect. Analysis
of the interaction between treatment effects and selected
subgroups was conducted using a χ2 test for heterogeneity and
described with forest plots. The trial protocol is available in
Supplement 1. This study followed the Consolidated Stan-
dards of Reporting Trials (CONSORT) reporting guideline.
Approval for the trial was obtained from local ethics committee
for each participating site. All patients provided written
informed consent in a manner consistent with the regulations
of Italy before participating in the study. No one received
compensation or was offered any incentive for participating
in this study.

Results

From June 2007 to March 2013, 3614 patients, recruited by 130
Italian centers, were included in the primary analysis of
TOSCA trial. Of these, 1254 patients (overall mean [SD] age,
62.4 [9.8] years; 565 (45.1%) women) had clinical high-risk
stage II CC: 301 patients (24.0%) had pT4N0M0 tumors and
the remaining 953 patients (76.0%) had high-risk pT3N0M0
tumors. In total, 621 patients (49.6%) received 3 months of
chemotherapy and 633 patients (50.4%) received 6 months
of chemotherapy (Figure 1; eTable 1 in Supplement 2). Over-
all, 776 patients (61.9%) received the FOLFOX regimen, and
478 patients (38.1%) received the CAPOX regimen. When the
patients and tumor characteristics were analyzed by the type
of treatment received (FOLFOX or CAPOX), no differences were
observed between the populations.

Treatment compliance and toxic effects of the TOSCA study
have already been published.9 The treatment completion rate
was 87% (3-month arm) vs 56% (6-month arm). Median treat-
ment durations were 6.0 and 3.0 months in the FOLFOX group
and 5.6 and 2.8 months in the CAPOX group. The rates of se-
vere toxic effects were higher in the 6-month arm than in the
3-month arm, especially for neutropenia (27.6% vs 20.7%,
P < .001), diarrhea (6.4% vs 5.0%, P < .001), and allergic reac-
tions (2.0% vs 0.5%, P < .001). Grade 3 to 4 neuropathy was

Figure 1. CONSORT Study Flow Diagram of the TOSCA Patient Subgroup

3614 Per-protocol population
1839 6-Month arm
1775 3-Month arm

2360 Stage III
1206 6-Month arm
1154 3-Month arm

1254 Stage II
633 6-Month arm
621 3-Month arm

The per-protocol population analyzed was defined as all randomized patients
who had no major violations of eligibility criteria or study conduct, and who
received at least 1 dose of treatment. TOSCA indicates the Three or Six Colon
Adjuvant randomized clinical trial.

Key Points
Question What is the optimal duration of oxaliplatin-based
adjuvant chemotherapy with capecitabine plus oxaliplatin
(CAPOX) or fluorouracil, leucovorin, and oxaliplatin (FOLFOX) for
patients with high-risk stage II resected colorectal cancer?

Findings In this subgroup analysis of a randomized clinical trial
of 1254 patients with high-risk stage II resected colorectal cancer,
5-year relapse-free survival was 82.2% for the 3-month arm and
88.2% for the 6-month arm, with noninferiority not shown.
Differences in favor of 6-month administration for CAPOX were
0.76% and were 8.56% for FOLFOX although in the 3-month arm,
the treatment was significantly less toxic.

Meaning Although noninferiority of the 3-month arm was
not shown, a 3-month CAPOX regimen or a 6-month FOLFOX
regimen can be selected when choosing adjuvant chemotherapy
in stage II colorectal cancer.
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higher in the 6-month arm vs the 3-month arm (8.4%
vs 1.3%, P < .001).

At a median follow-up of 62 months (interquartile range,
53-71 months), 138 relapses, 109 deaths, and 183 relapses or
deaths were observed. The HR for RFS of the 3-month vs
6-month arms was 1.41 (95% CI, 1.05-1.89; P = .02 for superi-
ority), and the 95% CI crossed the noninferiority limit of 1.20;
thus, the null hypothesis of noninferiority of the 3-month arm
could not be rejected. The absolute 5-year RFS difference be-
tween the arms was 6.0% (95% CI, 1.9%-10.2%; 88.2% for the
6-month arm vs 82.2% for the 3-month arm; noninferiority
margin for 5-year difference, 2.2%) (Figure 2). The HR of 3 vs
6 months was 1.13 (95% CI, 0.70-1.84) when CAPOX was used
as the regimen, with a similar 5-year RFS for the 3-month
(84.6%) and 6-month (85.4%) arms (5-year RFS difference,
0.8%; 95% CI, −6.3% to 7.8%; noninferiority margin for 5-year
difference, 2.8%). Conversely, the effect of treatment dura-
tion in patients treated with FOLFOX was pronounced (HR,
1.58; 95% CI, 1.09-2.28), with 5-year RFS of 81.1% for the
3-month arm and 89.6% for the 6-month arm (5-year RFS
difference, 8.6%; 95% CI, 3.4%-13.7%; noninferiority margin
for 5-year difference, 3.3%).

A statistically significant interaction was found between
treatment and sex (female: HR, 1.03; 95% CI, 0.71-1.49; vs
male: HR, 2.39; 95% CI, 1.45-3.95; P = .008) and between
treatment and tumor site (ascending HR, 0.87; 95% CI, 0.55-
1.37; descending HR, 2.11; 95% CI, 1.339-3.19; and multiple
HR, 1.60; 95% CI, 0.38-6.70; P = .01; eTable 2 in Supple-
ment 2; Figure 3). Median overall survival was not reached
in either arm.

Discussion
The most relevant results of the TOSCA trial assessing pa-
tients with resected high-risk stage II colon cancer are sum-
marized as follows: (1) the study was not able to demonstrate
the noninferiority of 3-month treatment duration arm;
(2) toxic effects were substantially reduced by the shorter

(3 vs 6 months) treatment duration; (3) a possible regimen
effect was observed here as it was in all other IDEA studies;
(4) the difference in favor of 6 months’ treatment duration
was relatively large (6%) in stage II CC, much larger than that
reported in the same TOSCA study for patients with stage III
CC; and (5) there was a significant interaction of sex and of
tumor site with treatment duration.

There are several potential explanations for the main find-
ings of the TOSCA trial for the population with stage II vs stage
III CC. We may reasonably postulate that stage II needs a lon-
ger adjuvant treatment than stage III. The study by Naxerova
et al10 provides a rationale for our counterintuitive results: in
node-negative cancers, malignant cells may move directly from
the primary site to colonize distant sites, and these cells may
be more resistant to chemotherapy; therefore, more pro-
longed chemotherapy administration may be more effective.
Other authors have reported that patients with pT4N0M0 CCs
have worse survival than patients with stage IIIA CCs.11-13 The
former may be relatively more aggressive in terms of grade, size,
higher proportions of perineural invasion, microsatellite in-
stability, and obstruction or perforation.11-13 Another poten-
tial explanation for these findings may be associated with the
main differential drug regimen effect. Because the outcome
difference between the FOLFOX duration arms is relatively
large, it is highly plausible that the overall results of the study
are mainly driven by the FOLFOX subgroup. In addition, our
hypothesis is that microsatellite instability may represent
a major factor in the neutral effect of duration seen in stage
II, right-sided CCs. Conversely, sex is a significant unfavor-
able factor of survival in patients with CC; therefore, males may
need a more prolonged chemotherapy duration.14 Neverthe-
less, results of subgroup analyses must be interpreted with cau-
tion because the study was not powered for these analyses.

These data are in line with those of the overall IDEA com-
bined analysis of stage II CC disease.12 Despite this, the utility
of oxaliplatin in stage II CC remains unclear, and the choice
between 6 months of fluoropyrimidine-based chemotherapy
and 3 or 6 months of oxaliplatin-based chemotherapy must be
made on an individual basis.

Figure 2. Kaplan-Meier Curves for Relapse-Free Survival by Treatment Duration
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Conclusions

In this study, in the stage II CC subgroup of the TOSCA trial,
noninferiority was not shown for RFS. Similar to what has been

reported in the IDEA combined analysis for stage III CC, a pos-
sible regimen effect was also observed in the present study,
suggesting that either 3 months of CAPOX or 6 months of
FOLFOX treatment can be used whenever an oxaliplatin
doublet is indicated for use in patients with stage II CC.
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